Introduction
Iron is essential for the growth of all micro-organisms.' Several in-vitro and in-vivo studies have shown enhanced microbial multiplication in response to increased availability of iron.' In small children infection caused by Yersinia enterocolitica usually presents as acute self-limiting gastroenteritis.' In all age groups septicaemia due to Y enterocolitica is rare and occurs primarily in patients whose host defence is compromised by underlying illness or by immunosuppressive treatment. 3 A previously healthy 21-month-old girl was admitted to hospital with a two-day history of slight diarrhoea. Two hours before admission she had ingested 30 capsules of ferrocarbonate (90 mg iron/kg body weight).
On admission she seemed itr perfect health and physical examination was normal. She was treated with washouts of 099% sodium chloride solutions and intragastric instillation of 5 g desferrioxamine (Desferal) and sodium bicarbonate. Because of vomiting this treatment was repeated once and then 1 g desferrioxamine given intramuscularly. The initial serum iron concentration of 22 mmol/l (122 9 mg/100 ml) dropped to 4 mmol/l (22 3 mg/100 ml) after 26 hours, and transferrin saturation never exceeded 400. Twenty-four hours after ingesting the iron she developed fever up to 40°C and her general condition deteriorated. Septicaemia was suspected, and she received ampicillin 200 mg/kg for five days and tobramycin 6 mg/kg body weight daily for 10 days. Her condition improved but one week after admission she developed a red, tender, swollen, and immobilised left knee. Her arthritis subsided after two to three days.
In three blood cultures obtained before antibiotic treatment Y enterocolitica serogroup 3 was isolated. On cultivating faeces obtained the day after the excess iron intake the same organism was recovered in heavy growth. Cultivation was done by inoculating faecal specimens in glucose broth for five days at 4°C followed by subculturing on lactose-bromothymol blue and lactose-sucrose-urea plates. Specific antibodies to Y enterocolitica increased from 40 on day 5 to 320 on day 15 and subsequently decreased to 80 on day 38. Cultures of synovial fluid from the left knee on day 10 showed no growth of Y enterocolitica. She recovered fully with no sequelae. CASE 2 A 20-month-old girl was admitted to hospital after an oral overdose of 60 ml ferrous fumarate mixture (approximately 40 mg iron/kg body weight). Apart from a history of recurrent otitis media and an episode of acute gastroenteritis during a holiday in Spain six months earlier she had previously been healthy.
Initial examination yielded no abnormality. After gastric lavage with sodium bicarbonate desferrioxamine 5 g as an intragastric instillation and 600 mg (50 mg/kg body weight) as an intramuscular injection was given. Laboratory analysis showed haemoglobin concentration 11-7 g/dl and serum iron concentration 2 5 hours after the iron intake 12-5 mmol/l (69 8 mg/100 ml); a maximal concentration of 17-5 mmol/l (97-7 mg/100 ml) was measured after 13 hours. Corresponding values of serum iron-binding capacity were 156 and 80 mmol/l (871 and 447 mg/100 ml), which yielded a maximal saturation of 22%.
Twenty-four hours after ingesting the iron she developed highgrade fever, diarrhoea, and vomiting. Her condition deteriorated during the next two days. As septicaemia was suspected routine treatment was started with intravenous administration of benzylpenicillin 500 000 IU/kg/24 hours, short-acting sulphonamide 100 mg/ kg/24 hours, and chloramphenicol 100 mg/kg/24 hours. Laboratory studies disclosed a serum iron concentration of 5 mmol/l (27-9 mg/ 100 ml) and serum iron-binding capacity 50 mmol/l (279 mg/100 ml). Y enterocolitica serotype 0:3 was isolated from blood and stool cultures using procedures as in case 1. Enterotoxigenic Escherichia coli was recovered concomitantly from stool specimens. There was a rise in specific antibodies against Y enterocolitica from 50 on day 1 to 80 on day 5. After four days treatment was changed to co-trimoxazole (Bactrim) 6-8 mg/kg/24 hours for 14 days, combined in the last 10 days with metronidazole (Flagyl) 7 mg/kg/24 hours. Co-trimoxazole was given by mouth for a further four weeks.
During the first week she had persistent high fever, circulatory disturbance, cerebral irritation, and lethargy. Spinal taps were normal on laboratory analysis and microbiological examination. Electroencephalography initially showed general dysrhythmia but later showed normal results. There was protracted diarrhoea and episodes of abdominal pain. She had a temporary macular rash and scattered necrotic lesions. She gradually improved over the next three to four weeks and on examination after two months was in good health.
Discussion
Disease in which iron overload is implicated apparently increases susceptibility to certain infectious agents. Many reported cases of Y enterocolitica septicaemia have occurred in iron-overloaded hosts.2-5 A report from New Zealand showed an increased incidence of E coli septicaemia in neonates after they had received prophylactic iron dextran injections intramuscularly.6 Host hypoferraemia may protect against activation of malaria, brucellosis, and tuberculosis. 7 The exact nature of the effect of iron on immunity is not clear. No studies have clearly proved that iron compromises either phagocytosis or specific immune responses.1
Fresh human serum has a bactericidal effect, which is lost when iron is added and transferrin saturation exceeds 60-80%.' These findings suggest appreciable defensive roles for the host iron chelating agents transferrin and lactoferrin. Having a strong binding capacity for free iron ions at normal saturation (20-30%), these proteins withhold iron from pathogens.
Several bacteria can produce their own specific iron chelating agents, which are low-molecular-weight compounds called siderophores or siderochromes.) Certain bacterial strains including Y enterocolitica, not able to synthesise any kind of ironbinding substance, utilise siderophores produced by other species. 8 Studies on Y enterocolitica and Y pseudotuberculosis growing on iron-deficient media showed enhanced bacterial multiplication when free iron ions or haemin were added. Haemin was the most effective nutritional source of iron examined. Growth of yersinia strains was also stimulated by desferrioxamine, a siderophore produced by Streptomyces griseus.8 Desferrioxamine is an effective iron chelating agent used widely to treat acute iron intoxication-9 and occasionally in chronic hyperferraemia.
Bacterial virulence is a complex phenomenon. Several strains of Y enterocolitica serotype 0:3 produce a heat-stable enterotoxin similar to that of E coli.10 Iron increases the total amount of endotoxin present by stimulating bacterial multiplication; understanding of possible effects of iron on other virulence mechanisms is fragmentary.
Our patients had previously been healthy without apparent immune defects. The low values of serum iron concentration and iron-binding capacity in both children during their illness exclude the possibility of systemic iron overload. Thus iron and desferrioxamine may possibly have local pathogenetic mechanisms.
One, and probably both, of our patients were colonised with Y enterocolitica before the iron intake. High Thus mucosal damage and stimulated growth of Y enterocolitica may have been essential for the life-threatening presentation in our patients of a usually local and self-limited infection. We suggest that signs of gastrointestinal infection should be looked for in iron intoxication in children and stool specimens carefully screened for enteropathogenic micro-organisms. Generalised infection occurring shortly after excess oral intake of iron should be promptly treated and an enteric origin borne in mind.
